Background: Attractor-based kinematic gait analysis using the Fatigue Index Kliniken Schmieder (FKS), have been suggested as a sensitive tool to determine motor fatigability in persons with Multiple Sclerosis (pwMS). Hypothesis: Depression does not affect the FKS to a similar degree as in pwMS. Methods: We recruited 32 patients with major depression. Data were collected with two accelerometers attached to both ankles. Data were recorded for one minute at the beginning and at the end of the treadmill test. Attractor attributes were used to analyze the data. Results: The mean Fatigue Index Kliniken Schmieder (FKS) was 2.1. The change of the attractor (δM) was 3.7 and the change of variability (δD) was 0.6. Mean values were clearly below values of pwMS with fatigability from a previous publication. However, the individual level values from six individuals-five of them showed pain related comorbidity besides depression-fell within the lower pathological range. There was no correlation between Hamilton depression scale and the attractor attributes (δM and δD). Discussion: Depression does not affect gait as motor fatigability does in pwMS.
Introduction
Fatigue is a prominent and frequent symptom in persons with MS (pwMS). It affects up to ninety percent of patients [1] [2] . Fatigue is often experienced as the most disabling and limiting symptom, and greatly contributes to the degradation of general wellbeing, quality of life, and social participation [3] [4] . Moreover, the impact of fatigue at the workplace can be severe and frequently triggers early retirement, even in the early phases of the disease [5] . Despite its high socio-economic impact and its relevance for quality of life diagnostic criteria of fatigue are not well defined.
There is an overlap between cognitive deficit, depression and fatigue [6] especially with respect to cognitive fatigue. It is difficult to unravel those components. It is also quite problematic to diagnose fatigue in the presence of serious depression or sleep disturbances [7] . A major problem in the clinical and scientific field of fatigue is the unclear terminology and contrasting or at least not unified definitions. The discrimination between fatigue and fatigability has been a helpful differentiation [8] : Fatigue represents the subjective sensation of the patient. It is often assessed by a variety of well-established patient questionnaires [6] . Fatigability means change of performance.
Cognitive fatigability has been measured by alertness measurements or increasing reaction time in the course of the day [9] or after a standardized cognitive load [10] . Motor fatigability may be easier to diagnose than cognitive fatigability. Clinicians should suspect motor fatigability in a particular pwMS when the reduction of maximal walking distance cannot be explained by the degree of spasticity, paresis or ataxia [11] . During the last years we have developed a method to quantify and objectively assess changes of gait pattern during walking exercise. Kinematic gait analysis with the use of an attractor model is sensitive to detect changes in gait and particularly to identify increasing variability during continued walking [11] . Specificity of increased variability in a gait pattern is not yet established. Since an overlap between depression and fatigue is a common finding [6] the intention of our study was to corroborate that depression does not produce similar results in gait analysis. The following investigation addressed this hypothesis directly: to test whether the Fatigue Index Kliniken Schmieder (FKS) [12] is affected by depression or whether patients with major depression might have a false positive or pathological FKS.
Materials and Methods
Patients: In a nearby psychiatric hospital (Zentrum Psychiatrie Reichenau) patients were identified who had major depression and who were participating in walking group therapy. There were no further inclusion criteria specified. Exclusion criteria were the very acute stage of depression with suicidal intentions, general unstable conditions or serious heart disease. Patients were informed that the intention of the study was to test their walking capacity and to compare the values with those from a neurological patient group. Thirty-two patients (18 females & 14 males) were included in the study. Mean time of hospitalization was 89.8 ± 35.0 days. Besides antidepressive medication, psychological individual and group interventions, creative therapy and social consultation participation in a walking group was part of their therapy. Patients were 50.0 ± 7.1 years old. Hamilton depression scale (HDS; seven-item short form [13] was 10.8 ± 3.8 (indicating moderate depressive symptoms). Patients received written information concerning the performance of the study. All signed informed consent. The study was approved by the ethical committee of the University of Konstanz and was in agreement with the declaration of Helsinki (Table 1 ).
Treadmill Test: At the beginning of the walking test the patient's comfortable walking speed was determined individually. The test was performed with the comfortable walking speed plus 10% and kept constant during the test. Maximal possible speed of the treadmill was 5 km/h. Patients were asked at regular intervals to score their effort on the Borg Scale ranging from 6 (no effort at all) to 20 (maximal exhaustion you can imagine). Data was collected at two different one-minute intervals: at the beginning of the walking test and once the patient reached 17 ("very hard") on the Borg scale or after a maximal walking time of 1 hour when they did not reach an equivalent effort of "very hard".
Data acquisition: Gait data was recorded using two accelerometers (RehaWatch Motion Sensors, Hasomed GmbH, Magdeburg, Germany; sampling rate 600 Hz) attached to both lateral ankles. Data was transferred to a laptop through Bluetooth.
Data analysis: We applied a new method for quantifying movement pattern changes and changes of movement variability using attractor attributes of the acceleration of the feet [12] . Traditional gait analysis uses parameters as stride length, stride frequency, sway, circumduction etc. to analyze walking. These parameters, however, are not sensitive nor stable enough to detect subtle movement changes in individuals. A limit cycle attractor, as used in this and in our previous studies, proves to be very stable for an individual. Such an attractor is a kind of "averaged" movement cycle, to which all movement is attracted. It changes only if system conditions change. The limit cycle attractors-in our case the averaged movement in acceleration space-were approximated and three measures calculated: δM represents the velocity-normalized mean distance between two attractors quantifying the dissimilarities between two movement patterns.
δD denotes the change in movement variability between the beginning and the end of the walk. Here variability is defined as the mean distance between state vector and the attractor. δF is the product of δM and δD and represents an index of the change which we termed the FKS [11] . 
was approximated as the acceleration at time τ (ordering parameter of a complete cycle) averaged over n loops. It follows
and
and C = B or E (measurement at beginning (B) or end (E)); v being the walking velocity.
Statistics: Statistical calculations were performed using StatFree Version 8.1.0.2 (Vieten Dynamics, University of Konstanz, Germany) and Microsoft Office Excel 2013.
Simple linear regression curves were used for correlation between HDS, δM, δD and δF.
Results
Performance: Most of the patients managed to walk on the treadmill for one hour. The exceptions were two patients, who stopped after 13 and 35 minutes respectively. Average speed was 4.5 ± 0.7 km/h. At the end of the walking period patients reached 12.7 ± 2.4 on the Borg scale ("somewhat hard").
Group results of gait analysis: Mean results of the attractor attributes fell within the normal range of non-fatiguing subjects as defined previously [11] . Mean FKS was 2.1 (normal range 0 to 4), mean change of the attractor (δM) was 3.7 (normal range 1 to 3.6) and mean change of the variability δD was 0.6 (normal range 0.9 to 4.1). While the attractor changed slightly during the exercise, variability was very stable (Figure 1 ). Figure 1 illustrates that patients with depression build a different cluster than MS patients with fatigability (published previously, [11] ).
Individual results: There were six patients, whose FKS lay outside the normal range within the very low spectrum of the pathological values. Besides the main diagnosis of depression five of them had the following side diagnoses: M. Behcet, lumbar radiculopathy, cervical spondylosis, arthrosis and stroke. These five patients reported pain at the end of the walking. There were no high FKS values as in pwMS (compare Figure 2) . Remarkably, the two patients who did not manage to walk for one hour did not show abnormalities in their attractor attributes.
Correlation analysis between HDS and FKS: There was no significant correlation between the attractor attributes (δM and δD) and the Hamilton Depression Scale (Figure 3 ).
Discussion
This gait analysis of patients with major depression demonstrates that depression does not cause changes similar to those observed in patients with motor fatigability. There was no correlation between depression and gait attributes. Those patients, who failed to walk for one hour, did not show pathological attractor attributes. Pain during the exercise test can change the gait pattern as well as the attractor attributes. Terminology: The proposal to define fatigue as subjective sensation of the patient is very helpful in disentangling different phenomena [8] . Fatigue is rated with questionnaires, while fatigability measures change of performance. The term fatigability, however, has been introduced recently and is beginning to be accepted. Therefore, our publications [11] [12] [14] [15] [16] of the last five years used the term fatigue, whenever fatigability is a better rendering of the patients' condition. Even the Fatigue Index Kliniken Schmieder denotes fatigability.
Since the term fatigability has not been used for a long time, to our knowledge there are not many publications comparing fatigability and fatigue. In our sample of 60 pwMS fatigue as assessed with the FSMC did not correlate with fatigability as determined with the FKS [11] . They are two distinct phenomena.
Another unsettled issue is the clinical relevance of fatigue (the subjective sensation) versus fatigability (the objective decreased performance) as a predictor for early retirement. Although fatigability, which can be measured, might be objective, it is not clear, whether it is more relevant than the subjective sensation of fatigue concerning working capacity.
Patient selection: Patients were not selected right after admittance in the hospital at the peak of their depression, but rather during the phase of their recovery and stabilization. Right after admittance they probably would not have been willing or able to participate. Also clinical administration and the ethical board might have objections to give consent to allow depressive patients to participate in a study during their acute phase. The patients filled in Hamilton Depression scale on the day of their participation indicating moderate depressive symptoms.
Unfortunately, inclusion criteria were not very rigorous. Exclusion of patients with a second diagnosis especially when involving painful symptoms would have been preferable and might have prevented moderate "false" positive results.
Although participating in a walking group is a standard therapy in patients with depression within this hospital, this inclusion criterion may cause a bias and we cannot necessarily generalize these results to all depressive patients.
The 7-item short form of the HDS is well validated to document the course of depression. A final score < 3 indicates remission of the depression (McIntyre et al. 2005) .
The average HDS of our patients was 10.8 ± 3.8 indicating moderate depressive symptoms.
Patient performance: Most of the patients (30 out of 32) managed to walk for one hour with an average speed of 4.5 km/h. This is clearly more than pwMS with motor fatigability who managed to walk on average 810 m at 1.8 km/h [11] . From a practical clinical standpoint this discriminates them from pwMS with motor fatigability. However, our method is velocity normalized to allow comparing attractors of different walking speeds.
Group results of the gait analysis: Group results of the FKS, δM and δD indicate that the average changes in gait are clearly below those changes in pwMS with motor fatigability (compare Figure 1) . The correlational analysis supports the finding, that there is no correlation between depression and attractor attributes ( Figure 2 ).
Individual results: On an individual basis there were six patients with attractor changes in the lower pathological range. Five of them claimed pain during the walking test. This suggests that increasing pain during walking might induce changes in the walking parameters. These, however, are still in the lower range compared to pwMS displaying fatigability. It is remarkable that variability did not increase during the exercise suggesting that δD might be more specific for fatigability than δM.
Again, we would like to stress that this method has been developed not merely to describe group differences between pwMS with and without fatigability, but to diagnose this phenomenon in each individual patient as being present or absent and even to quantify it.
Instrumentation: Sehle et al.'s study [11] investigated pwMS and compared them with healthy volunteers. They used a motion analysis system to determine coordinates and two consecutive numerical derivations to obtain accelerations. In the present study we received accelerations from direct use of the accelerometers. While Sehle et al. used the motion analysis device AS200 (LUKOtronic, Lutz Mechanotroci Technology E.U., Innsbruck, Austria; sampling rate 80 Hz) we used accelerometers from Hasomed with a sampling rate of 600 Hz. This might be responsible for minute changes of the readings of variability and attractor values caused by a slightly different marker/sensor mounting. The different sampling rates, however, are not altering the results as we were using the low frequency information of our signals out of a low pass filter (22) with a cutoff at 4.5 Hz.
There are studies in elderly populations assessing the risk of falls or fear of falls by analyzing a conventional gait parameter with clinical gait tests [17] . Other studies based on different ways of gait analysis try to characterize the gait pattern in patients with Subcortical Arteriosclerotic Encephalopathy (SAE), Hydrocephalus, Parkinson Disease or other degenerative diseases [18] . Studies use conventional gait parameters to assess the association between depressive symptoms and gait dysfunction [19] . Accelerometers are increasingly used to assess physical activity in pwMS [20] . Assessment of habitual walking behavior by means of accelerometers might also have the potential to investigate the effectiveness of pharmacological interventions [21] . To our knowledge, however, there are no studies similar to ours that have used attractor-based methods to quantify motor fatigability and to delineate fatigability in the presence of depression. This method has the advantage to be highly sensitive to identifying changes in gait pattern and variability during prolonged walking. This makes it a sensitive method to detect motor fatigability particularly in the presence of depression or depressive symptoms. Other causes for attractor and variability changes, however, particularly pain while walking, must be ruled out. This study demonstrates that depression has no significant influence on changes of the FKS. Therefore, FKS is an excellent index describing fatigability even while patients might show severe signs of depression.
Conclusion
This study shows that changes of gait pattern during depression are not compromising FKS as a reliable indicator for fatigability. Slight changes of attractor attributes can be caused by pain during walking. This can influence results even in the absence of depression. This is important to keep in mind when applying attractor attributes and the measure FKS as diagnostic tools for motor fatigability in pwMS.
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